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SUMMARY

Tests were conducted to determine the properties of (a) several
untreated commercial cotton-febric phenolic sheet laminates, (b) the
same laminates after exposure to a typlecal postforming heating cycle,
(e¢) industrially postformed shapes made from one of these materials,
(d) industrially molded and laboratory-molded shapes, and (e) flat
panels postformed in the laboratory from the laboratory-molded shapes.
Tensile properties, flexural properties, and water absorption were
determined.

In general, the tensile strength of the sheet laminstes varied
from 8,0QO to 12,000 psi, the tensile secant modulus varied from

0.8 x 10° to 1.3 X lO6 psi for the stress range 0 to 2,500 psi, the
flexure strength varied from 15,000 to 26,000 psi, and the flexure

modulus varied from 0.7 X 108 to 1.2 x 106 psi. Most of the materi-
als showed directional variations in strength when tested parallel

to, perpendiculer to, and at 45° to the werp yarn in the face ply of
the fabric. In general, the lowest strength values were obtained in
the 45° direction. There was some indication that for those materials
in which the tensile strength and modulus were grester in one direc-
tion, the flexural strength and modulus were also greater in that’
direction.

In general, heating the laminate sheets in oil at 375° F up to
120 seconds or in air at 400° F up to 5 minutes, as wss done in the
postforming operation, resulted in slight changes in dimensions. The
thickness increased as rich as 3.5 percent and the length and width
decreased as much as 1 percent with one exception, in which case the
thickness increased 14 percent. The flexural strength decreased less
than 12 percent in most cases.

Industrial postforming decreased the strength of the flat sec-
tions of the postformed parts less than 15 percent in most cases.
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The water absorption did not change apprecisbly for the flat sections,
but increased approximately 20 percent for a 30° curved section and
approximately 50 percent for & 90C curved section.

The strength of industrially molded parts was significantly less
than that of similar sheet laminates. The tensile strength of the flat
sections was less by an average of approximately 35 percent and the
flexural strength, by an average of approximately 20 percent.

The flexural strength and modulus of the flat sections of laboratory-
molded V-penels were equal to or slightly grester than these of similar
sheet laminates. In general, postforming did not apprecisbly affect the
strengths of the formerly flat sections of these panels. The results
differed for the postformed 45° and 90° curved sections, depending some-
what on the side of the material under tension during test and on the
orientation of the warp yarn in the top layer of fabric. In most cases,
the flexurel strength of these formerly 45° curved sections was equal to,
or not more than approximetely 40 percent less than, the flexural strength
of the flat sections, and the strength of the formerly S0° curved sections
was equal to, or not more than approximately 25 percent less than, the
strength of the formerly 45° curved sections.

The weater sbsorption for the 45° and 90° curved sections of the
laboratory-molded panels was egual to or less than that for the flat
sections. After postforming, in general, the absorption was not changed
appreciably for the flat sections but was as much as approximately 25 per-
cent higher for the formerly L45° curved sections and as much as approxi-
mately 50 percent higher for the formerly 90° curved sections.

INTRODUCTION

The first known literature reference to the fact thet cured phenolic
laminates can be formed when heated 1s contained in a footnote to a table
in a paper published in 1922 by Dellinger and Preston (ref. 1). They
stated that thin sheets could be pressed to simple shapes when warm. How-
ever, the art and commercial aspplication of postforming phenolic laminstes
was developed within the last 15 years. Postforming was developed and
used extensively, especlally in the construction of alrcraft components,
during World War II. One of the foremost early workers with this tech-
nique, Beach (refs. 2 to 7 and ref. 8 by Nash and Beach), refers to the
process as thermoelastic forming of laminates. Types of laminates partic-
ulerly suited for postforming, methods of postforming, and spplications of
postforming have been described by various investigators (refs. 9 to 17).
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The fact that phenolic laminates can be postformed points out
forcefully that thermosetting plastics are to some extent thermoplastic.
Fully cured standard grades of phenolic laminates in thin sheets become
soft and pliable at elevated temperatures and can be formed into simple
shapes. However, forming is easier, more complicaeted shapes can be made,
and improved results are obtained if appropriate modifications are made
in the resin and fabric used. The resin may be modified to obtain a wide
renge of flexibility at the temperature of forming (ref. 8); the use of
undercured stocks is not recommended by Beach (see ref. 8). Fabrics that
stretch more, without rupturing, than the ducks commonly used in plastic
laminates may be used (ref. 18). With a suitably formuleted resin the
limiting factor in forming is the amount the fabric can be stretched

(ref. 8).

This report presents date on the properties of (a) several commer-
cial postforming cotton-fabric phenolic leminstes, (b) industrially post-
formed shepes made from one of these materials, (c¢) industrially molded
shapes made from a similar base fabric and resin, and (d) laboratory
postforming stock, molded shapes, and postformed shepes made from the
same lot of resin-coated fabric used by one of the manufacturers to
meke one of their commercial postforming stocks.

This investigetion was conducted under the sponsorship and
with the financial assistance of the National Advisory Committee for
Aeronautics. The cooperation of the Continental-Diamond Fibre Co., the
Formlca Co., North American Aviaetion, Inc., the Richardson Co., the
Synthane Corp., and the Westinghouse Electric Corp. in supplying mate-
rials for use in this investigstion is greatly appreciated. The assist-
ance of Mesdames R. H. Thomeson, R. E. Mann, and M. Jorgensen in con-
ducting the tests and of Mr. John Mandel in advising in the statistical
analysis of the date is gratefully acknowledged.

MATERTATLS

The materials used in this lnvestigation are listed in table I. The
saeme stock of resin-impregnated fabric was used in samples SB2, SCl, SC2,
MCl, and PCl (code explained in the footnote, teble I). ILikewise, samples
SB3, SC3, MC2, and PC2 were prepered from a single stock of resin-impregnated
fabric.

The following deta were supplied concerning materisls furnished by
source B. The materials were molded in a hydraulic press with steam-
heated platens. The molding temperature was measured by & thermocouple
placed in a cushion one-twentieth of the distance between the laminate
and the press platen. Sheets SB2 and SB3 were molded at 1,100 psi.

Sheet SB2 was held in the press for 15 to 30 minutes after reaching 160° .
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Sheet SB3 was held in the press for 30 minutes after reaching 153° to
1550 C. Angles MBl and channels MB2 were molded at 2,000 psl for 30 min-
utes after the molding temperature of 160° C was reached. The platens
were ccoled repidly by circulating cold water. The outer faces of sam-
ples MB1 and MB2 were machined to the indicated dimensions.

The samples made at the National Buresu of Stendards were molded in
a hydraulic press with steam-heated platens. In the L-ply samples, the
warp yerns of the two center plies were parallel to each other and per-
pendiculer to the outer plies, resulting in the outer plies being parallel
to one another. In the 9-ply samples, the warp yarns of the two outer
plies were parallel to one another; adjacent plies were perpendicular to
one another throughout the panel. In the 16-ply samples, the warp yerns
of the two outer plles were parallel to one another; adjacent plies were
perpendicular to one another except for the two center plies which were
parallel to one enother. The temperature during molding wes measured
with a thermocouple placed between plies of the sheets. The layers of
resin-impregnated fabric were placed in the press and the temperature
was raised to 153° to 155° ¢ in 15 minutes end maintained there for
30 minutes. The platens were cooled rapidly by circulating cold water.

The pressures used for molding the varlous samples at the National
Bureau of Standards were as follows:

Semple Pressure, psi
Sheets SC1 200
Sheets 8C2 1,000 '
Sheets SC3 500
Molded V-panels MCl 1,000
Molded V-panels MC2 1,000

Sample SC3 was molded so as to obtain a laminate duplicating sample SB3,
which was made with a molding pressure of 1,100 psi. However, a pressure
of 1,000 psi caused an excess of resin to run from sample SC3. The dupli-
cation was therefore sttempted on the basis of density and it was fownd
that a pressure of 500 psi produced a laminate with a density similar to
that of the SB3 sample material.

The V-sections, samples MCl and MC2 illustrated in figure 1, were
molded in l/l6-inch thickness from four plies of resin-impregnasted fabric


http://www.abbottaerospace.com/technical-library

NACA TN 3825 5

by using = steel mold. Three types were made, vaxrying in the orientation
of the warp yern of the outer plies with respect to the lengthwise direc-
tion of the molded V-section; the R designation (table I) indicates par-
allel orientation, the S designation, L45° orientation, and the T designa-
tion, perpendilcular orientation. After laminating, the edges were trimmed
and the panels were stored at 25° C and 50-percent relative humidity for
at least 96 hours before postforming. Some of these samples were post-
formed into essentially flat sheets, samples PCl and PC2.

POSTFORMING

Samples MCL and MC2, molded V-panels, were postformed into essentially
flat sheets by heating in a circulating-air oven, removing, and pressing
between hardwood blocks in an arbor press for 30 seconds. The pressure
was applied less than 5 seconds after removal from the oven. The temper-
atures and times used were slightly below those that would produce blis-
tering as determined by trial experiments. Sample MCl was heated for
180 seconds at 204.5° C (400° ¥) and sample MC2 for 60 seconds at this
saeme temperature. The resulting flat panels, samples PCl and PC2, made
from the V-sections had slight ridges along the former lines of curvature.
The deviation from fletness of these ridges was less than 0.010 inch in
most cases.

The PGl chamnels and PG2 angles were postformed from sample SBl by
heating in a circulating-ailr oven at 274° + 14° C (525° + 25° F) for 55
to 60 seconds and molding between hardwood blocks. The postformed parts,
samples PGl and PG2, and their respective blanks, cut from sample SBl, are
shown 1n figures 2 and 3, respectively.

HEAT TREATMENTS

The effects of the heating conditions used in postforming were deter-
mined by heating specimens of samples SA1l, SA2, SBl, SD1, SELl, SFl, and
SF2 by two different methods. In one method the materials were placed
in a circulating-asir oven at 204.5° C (400° F) for the period of time
indicated 1n tables IT and III. In the other method the materials were
immersed in oil at l90.5° c (3750 F) for the period of time indicated in
tables IT and IV. In some of the latter tests, SAE 20 lubricating oil
containing 10 percent sulfur was used; in other cases, Markol paraffin
oil was used. The longest period of time used was slightly less than
that required to produce blistering of the materisl.
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SAMPLING PROCEDURE

The specimens for all tests of samples SAl, SA2, SD1, SFl, and SF2
were cut from a single sheet of each material. Since sample SBl con-
sisted of blanks cut for forming, the largest about 8 by 9 inches, as
shown in figures 2 and 3, sroups of specimens for a test were composites
taken from three of these nominally identical blanks. The tensile test
specimens of sample SEl were taken from. one sheet and the flexural test
specimens from another. TLarge pieces of these samples were subjected
to the heat treatments before being cut into test specimens.

The specimens for all the tests of samples SB2-8X, SB2-4X, SB3-8Y,
end. SB3-4Y were also cut from a single sheet of each material. For sam-
ples SB2-16X and SB3-16Y, the sheets were cut into halves, one-half of
each sheet was then cut in half, and sets of specimens were taken from
each of these three parts.

Sets of test specimens were cut from semples SAl, SA2, SBl, SBz2,
SB3, SDl, SEl, SFl, and SF2 in each of three directions. The lengths of
the test specimens were either parallel to, perpendicular to, or at 45°
to the warp yarn in the fabric of the face ply.

Five tensile specimens in the parallel direction only and five flex-~
ursal specimens in each of the three directions were cut from each sheet
of samples SCl, SC2, and SC3 es illustrated in figure 4. One sheet each
of SCl and SC2 and two sheets of SC35 were tested.

Four flexural and two tensile specimens were cut from each of the
three sides of two samples of channels MB2-16, MB2-8, and MB2-4. Six
flexural and two tensile specimens were cut from each of the two sides of
two pleces of angles MBl-16, MB1-8, and MBl-4. The specimens were cut
from samples MBl and MB2 so that the lengthwise dimension was parallel
to the length of the chamnels and angles. The orientation of these spec-
imens is illustrated in figure 5.

Six flexural specimens were cut from each panel of samples PCl and
PC2 so that the lengthwise direction of the specimens was perpendicular
to the axis of the V-section originslly molded in the sheets. Since the
flattened V-sections had slight ridges at the site of the former curva-
tures, the flexural specimens had three ridges across each one. Drawings
of the V-sections before and after postforming are shown in figure 6.
The flgure shows that the two outer ridges were obtained-by flattening
45° bends and the immer ridge by flattening a 90° bend.

Water-absorption specimens, 0.5 by 1.5 inches, were cut from strips,
1.5 inches wide, of samples MCl, MC2, PCl, and PC2 so that three types
were produced. One type was cut from a flat sectlon outside the V-area.
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A second type was cut with a U5C bend or a ridge resulting from a flattened
45° bend along the longitudinal center line. The third type was cut with
g 90° bend or a ridge resulting from a flattened 90° bend along the longi-
tudinal center line. For these measurements, panels of semples MCl and
MC2 were cubt crosswise to the longitudinal axis of the V-section into two
pieces; one plece was cut into test specimens, and the other plece was
postformed flat, giving panels of PCl and PC2, and then cut into test
specimens. Consequently, test specimens both before and after postforming
were cut from the same panels.

Water-absorption specimens, 0.5 by 1 inch, were cut from PGL chennels
and PG2 angles with the axis of the curved section parallel to the l-inch
dimension.

METHODS OF TEST

Tensile Tests

The tensile properties were measured in accordance with Method
No. 1011 of Federal Specification L-P-L406a (ref. 19) except that the rate
of head separation wes maintained at 0.05 inch per minute throughout the
test. Load-extension curves were obtalned on a Southwark-Templin asubo-
graphic recorder which was operated by a Southwark-Peters plastics exten-
someter mounted on the specimens. The tests were made on a universal
hydraulic testing machine using ranges of 0 to 240 pounds, O to
1,200 pounds, or O to 2,400 pounds. The test specimens conformed to
type 1 of Method No. 1011.

Flexure Tests

The flexural strength and modulus of elasticity in bending (flexu-
ral modulus) were measured in accordance with Method No. 1031 of Federal
Specification L-P-406a (ref. 19) using the 0- to 240-pound renge of a
universal hydraulic testing machine. The tests were conducted at a span-
depth ratio of 16:1 using the equipment described in reference 20 and
pictured in reference 21. The load-deflection curves were obtained on a
Southwark-Templin autographic recorder whlch was operated by & Southwark-
Peters plastics extensometer. The supports and loading nose of the jig
were rounded to a radius of 1/52 inch. The test specimens were 0.5 inch
wide and 5 inches long.
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Water-Absorption Teésts

The water-asbsorption tests were made in accordance with Method
No. TO31l of Federal Specification L-P-406a (ref. 19), except that it was
found necessary to reduce the size of the specimens. The speclimens of
samples SBl, PGl, and PG2 were 0.5 by 1 inch. The specimens of sam-
ples MCl, MC2, PCl, and PC2 were 0.5 by 1.5 inches.

Conditioning
All specimens were conditioned at least 48 hours at 25° C and
50-percent relative humidity prior to testing and were tested at the
same conditions.
Statistical Calculations
The variability of experimental results, which includes both test
error and variability emong dlfferent specimens of the same material,

is expressed in most cases in terms of the coefficient of veriation C.V.
calculated by the following formule (ref. 22):

C.V. = VX (dif/(n - x 100

where

A aversge result

c.V. coefficient of variation, percent

ds deviation of individual result 1 from average
n number of test results

The standard error of the average was calculated according to the

formula
S.E. =\/Z (di)g/n(n - 1)

The results obtalned were analyzed statistlcally to determine whether
observed differences were significant.
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RESULTS

Initial Propertles of Sheet Materilals

The tensile strength, tensile modulus of elasticity, and strain at
failure of cotton-fabric phenolic sheet laminates are presented in
tables V, VI, and VII, respectively. The flexural strength and flexural
modulus of elasticlty are presented in tebles VIII and IX, respectively.

The aversge tensile strengths of the flat sheets in all directions
were in the range of 8,000 to 12,000 psi, except for the samples SF1l and
SF2 which were higher in the lengthwise direction (table V). Some of the
materials did not show any apprecisble directional varistion in tensile
strength; in some materials, the tensile strength in the 45° direction
was ag much as approximately 25 percent less than that in the lengthwise
and crosswise directions, and, in others, the tensile strength in both
the h5° and the crosswise directions was less than that in the lengthwise
direction. For the SFl and SF2 materials, the tensile strengths were
approximately 40 to 50 percent less in the 45° and the crosswise direc-
tions than in the lengthwise. TFor some materisls, certaln thicknesses
showed directional varistions with respect to tensile strength whereas
other thicknesses of the same materiel did not. There was no consistent
indication of variatlion of tenslle strength wilith the thickness of the
laminate for a gilven sample.

The average values for tensile modulus (teble VI) over the stress
range of 0 to 2,500 psi ranged from approximately 0.8 x 10° to
1.5 x 106 psi. In most cases, those materials exhibiting higher tensile
strengths in one direction also exhibited higher tensile-modulus values
in the same direction. The modulus in the 45° and crosswise directions
was less than that in the lengthwise direction by as much as approximately
30 percent.

The values for strain at failure (table VII) differed widely for
the materials tested, from average velues of 1.7 to T.5 percent. There
was no consistent behavior wilth respect to the direction of werp yarn or
to tenslle strength or tensile modulus.

The average values obtained for flexural strength (teble VIII) varied
from approximately 15,000 to 26,000 psi. Directionsl variations in flex-
ural strength were usually observed in those materisls in which variations
in tensile strength had been observed. In some cases, there was no sig-
nificant directional effect for flexural strength; in some cases, the
strength was less by as much as approximetely 20 percent in the 45° direc-
tion only; and, in others, the strength was less in both the 45° and cross-
wise directions. However, as in the tensile tests, the SFl and SF2 mate-
risls showed high strength values in the lengthwise directlons and sig-
nificantly lower values for the 45° and crosswise directions.
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The average values for flexurgl modulus of elasticity (table IX)
ranged from approximately 0.7 X 10° to 1.2 x 106 psi. Agein, as in
tensile properties, in most cases those materials showing directioneal
variations in flexural strength exhlbited directional varlations in the
flexural modulus. The values obteined for the modulus for the transverse
directions were as much as approximately 30 percent lower than those
obtalned for the lengthwise direction, and, in a few cases, were as much
as approximately 10 percent higher.

Propertles of Heat-Treated Sheet Materlals

The dimensional changes on heating, the effects of heating 1n air
on the flexural properties, and the effects of heating in oil on the flex-
ural properties of the sheeet materlals are presented in tables II, ITII,
and IV, respectively.

The actual meassurements of the dimensional changes (table II) are
significant to 0.2 percent, but observed differences of less than 1 per-
cent are not considered to reflect real differences in the materials.

The heating of laminate sheets in oll at 375° F up to 120 seconds resulted
in only slight increases in thickness in most cases, verying up to approxi-
mately 3 percent, with no significant changes in others. In one materlal,
SF1l, the thickness increased approximately 14 percent. In most cases,

the decrease in length or width was too small to be statistically sig-
nificent. However, in view of the consistency of this effect, it is
belleved that, although small, the decrease caused by hesting is real.

Heating the laminate sheets in air at 400° F up to 6 minutes also
resulted In only slight increasses in the thickness, the highest increase
being 3.5 percent. In most cases, there was no significant change in
the length or width during the heating cycle, but, as above, the con-
sigtency of the small changes would indicate a smsll but real decrease.
Semple SA2-16 warped considerably during both heat treatments.

Heating the sheet laminstes in air up to 6 minutes also decreased
the flexural strength less then approximately 10 percent (table III).
The flexural modulus of elasticity decreased less than approximately
20 percent in most cases.

The I1mmersion of the laminates in the hot o0il up to 120 seconds
decreased the flexural strength less than 12 percent in most cases. The
flexural strength of sample SFl decreesed more when immersed in a Markol
paraffin oll than when immersed in the lubricating oll. The effect of
varying the composition of the immersing fluid was not studied further.
In most cases, the decrease in flexural strength was accompanied by a
decrease in flexural modulus of elasticity. In a few isolated tests,
however, heating increased the modulus slightly.
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Effect of Industriel Postforming on Properties
of Flat Sections

Sample SBl1-16 was teken from production materiels being used to
postform ammunition chute parts. The mechanical properties of flat sec-
tions cut from two of these postformed parts, samples PGl-16 and PG2-16,
were determined and are reported in table X. The water asbsorption of
flat sections cut from semple SB1-16 and of flat and curved sections cut
from semples PGl-16 and PG2-16 are also reported in table X.

Postforming resulted in a slight decrease 1n tensile strength and
tensile modulus and .a slight increase in strain at failure for sample PGl,
which was tested only in the lengthwise direction. The flexural strengths
of both postformed samples PGl and PG2 decreased in all three test direc-~
tions. The average decrease in flexural strength for the PGl specimens
was approximately 13 percent, whereas the average decrease for the
PG2 specimens was only 4 percent. The flexural modulus also decreased
in all three directions for the PGl sample, the average decrease being
approximately 10 percent, but did not change significantly for the
PG2 sample.

The water absorption did not chenge sappreclably for the flat sec-
tions of the postformed parts. The water absorption of the curved sec-
tions of both postformed samples was higher than that of the flat sec-
tions. The average increase was approximately 50 percent for the PGl sec-
tions and 20 percent for the PG2 sections.

Properties of Molded Angles and Channels

The tensile and flexure properties of specimens cut from both molded
channels MBl and molded angles MB2 are presented in tables XI and XIT,
respectively. The differences in propertiles between flat sheet SB2 and
angle and channel laminates obtained from the same source and molded from
similsr materials are shown in table XITI.

Data were not available to permit a comparison of the properties of
the molded angles and channels with those of flat sheets made from the
same materisls. However, a comparison of the average values obtained
for the molded pileces with the average values obtained for flat-sheet
sample SB2 made from similar msterials indicates that the tensile strength
for the molded parts is spproximately 30 to 40 percent less than that for .
the flat sheets. The tensile modulus of elasticity is epproximately
5 to 25 percent less. The flexural strength and the flexurael modulus of
elasticity are approximetely 10 to 25 percent less for the molded parts
than for the flat sheets.
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There was no significant difference between the values obtained for
the channels and the angles. However, the values obtained for the flexural
strength with the molded side in tension were slightly higher than those
obtained with the mechined side in tension. Also, there was some indica-
"tion that the tensile strength and tensile modulus of the molded pieces
increased slightly with increasing thickness.

Effect of Postforming on Properties
of Curved Sections

The molded V-sectlons, samples MCl and MC2, were postformed to flat
panels. Specimens were cut from the flat and the formerly 45° curved
and 90° curved areas. The flexural strength, flexural modulus of elastic-
ity, and water absorption were determined. The results are presented in
tables XIV, XV, and XVI, respectively.

In discussing the test results obtained on these panels, two separate
meanings are applied to the use of anguler degrees. In one case, 0°, 450,
and 90° refer to the direction of the warp yarn in the face ply of the
laminate with respect to the lengthwise direction of the molded V. The
letters R, S, and T are used in the sample designations to indicate,
respectively, these three directions. The angles 45° and 90° also refer
to the amount of bending caused by the postforming operation of the
molded V's, as shown in figure 6

In analyzing the results of the effects of postforming, the assump-
tion was made that differences in strength values between the postformed
flat sections and the postformed curved sections were due to the post-
forming operation and not to the original molding operation. In other
words, it was assumed that the strength of the curved sections of the
original molded V-panels was the same as that of the flat sections. To
achieve this condition insofar as possible, extreme care was used in
molding the V-panels. Some indication that this assumption was valid
is gilven by the data for water absorption, presented in table XVI. These
data show that the water absorption of the curved sections of the V-panels
was equal to or less than that of the flat sections of these panels.

The results of the flexural-strength tests for PCl and PC2 are shown
graphically in figures 7 and 8. There was little or no change in the
flexural strength of the flat sections of the molded MC1 V-panels on post-
forming (fig. 7 and table XIV). As in the sheet laminates, the strength
of the postformed samples with the 45° warp yarn was slightly less than
that with lengthwise and crosswise warp yarn. For the postformed PCL sam-
ples, the flexural strength of the formerly 45° and 90° curved sections
averaged approximately 25 percent and 35 percent, respectively, less than
that of the flat sections, except for one sample. The sample oriented
45° with respect to the warp yarn, when tested with the loading nose
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applied on the convex side, had a flexural strength approximately 15 per-
cent higher than that of the flat sections. In general, the specimens

of the formerly curved sections had slightly higher strengths when tested
on the convex side than when tested on the concave side.

As in the MCl samples, postforming did not appreciably affect the
flexural strength of the flat sectlons of the MC2 panels (fig. 8). The
flexural strengths of the formerly 450 and 90° curved sections, sam-
ple PC2, when tested on the convex side, were either equal to or greater
than those of the flat sections. However, when the formerly curved sec-
tions were tested on the concave side, the flexural strength of the for-
merly 45° curved sections averaged approximately 20 percent less than
that of the corresponding flat sections, and that of the formerly 90°
curved sections averaged approximstely 35 percent less than that of the
flat sections. Thus, in all of the samples of the formerly curved sec-
tions, the flexural strength was significantly less when tested with the
loading nose gpplied on the concave side than when tested with it applied

on the convex side.

For the flat sections, both before (samples MC1l and MC2) and after
(samples PClL and PC2) postforming, the flexural strength of the MCL
and PCl panels was approximately the same as that of the corresponding
MC2 and PC2 panels in most cases (figs. 7 and 8). For the formerly
curved sections, the values for flexursl strengths for the two sets of
panels were similar when the specimens were tested on the conceave side.
When they were tested on the convex side, however, the formerly curved
sections of the PC2 samples with 0° and 90° warp yarn had higher strength
values than did the PCl samples.

The effect of postforming on flexursl modulus of elasticity of curved
sections is shown in figures 9(a) and 9(b). As cen be seen from table XV,
the flexural modulus of elasticity of the flat sections of the post-
formed PCl V-panels was approximately 25 percent less than that of the
original flat section MCl. For the PCl panels, the moduli for the for-
merly 45° and 90° curved sections were approximately 15 and 20 percent
less, respectively, then those for the corresponding flat sections, except
for the samples oriented 45° with respect to the warp yarn, which were
unchanged when tested on the convex side.

For the PC2 panels, in which the orientation of warp yarn was 45°
and 90°, there was no significant change in the flexural modulus of the
flat sections on postforming, with one exception, in which the flexural
moduwlus for the postformed flat sections was more then that for the
original molded flat sections, when the angle of the warp yarn was OC.
When the postformed panels were tested on the convex side, the moduli
for the formerly 45° and 90° curved sections were equal to or up o
approximately 20 percent greater than the modulus for the corresponding
flat section. There was no significant difference between the values
obtained for the 45° and the 90° sections tested on the convex side.
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When the postformed panels were tested on the concave side, however, the
modulus for the formerly 45° curved sections was 5 to 10 percent lower
than that for the corresponding flat section, and the wvalues obtained
for the formerly 90° curved sections were spproximately 10 to 20 percent
lower than those obtained for the corresponding flat section.

The flexural modulus of elassticity of the flat sections of the
MCl samples was greater than that of the MC2 samples but, after post-
forming, the reverse was true for the formerly flat sections and the
formerly curved sectiomns.

The results of the water-absorption tests are shown 1n figures 10
and 11 and table XVI. For the original molded MCl V-panels, in general,
there was no sppreciaeble difference in the water absorption of the flat
sections, 45° curved sections, and 90° curved sections (fig. 10(a)).
Also, there was no appreciable effect of warp-yarn orientation on water
absorption.

Postforming the V-panels did not appreciably affect the water absorp-
tlon of the flat sections of the PCl pasnels. However, the water absorp-
tion increased for the formerly 45° and 90° curved sections, the increase
belng spproximately 25 percent for the L45° sections and approximately
50 percent for the 90° sections. Again, there weas no significant varia-
tion of water absorption with wearp-yarn orientetion.

In the tests on the MC2-molded V-panels (fig. 10(b)), the water
absorption wae less for the panels with the 0° warp-yarn orientation
than for the panels with 45° and 90° orientation. This was true for the
flat sections and the 45° and 90° curved sections. Also, there was some
indication that the water absorption was less for the 45° and 90° curved
sections than for the corresponding flat sections.

For the postformed PC2 panels, there was an increase in water absorp-
tion of the flat sections and formerly U5° curved sections only when the
warp yarn was oriented 0°. This increase was gpproximately 20 percent.
For the panels in which the warp yarn was oriented 45C and 90°, post-
forming did not affect the water absorption of these sections. The post-
formed formerly 90° curved sections, however, showed increases in water
sbsorption ranging from approximstely 10 to 30 percent for all three warp-
yarn directions.

Both before and after postforming, the water absorption of the
MC2 panels was greater than that of the MCl1l panels.
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DISCUSSION

Initial Properties of Sheet Materials

Most of the commercial phenollic-laminate sheets show a tendency to
exhibit directional vaerlation in mechanical properties as can be observed
from table XVII. Approximately half of the materiaels show different
strengths in the lengbthwise and the crosswise directions. Most of the
materials show different strengths in the lengthwise and the 45° direc-
tions. In most cases, the strengths are higher in the lengthwise
direction.

The lower values noted in the crosswise direction when compasred with
those in the lengthwise direction may be due in part to differences in
the yarns per inch of the cloth fabric in the two directions. The lower
values in the 45° direction are probably due to the fact that in this
direction the full strength of the yasrns ie not utilized.

The data indicate that, usually, for those materials in which the
tensile strength is greater in one direction, the flexural strength is
also greater in that direction.

The two samples SF1 and SF2 that exhibit very high strength values
in the lengthwise direction have rather low strengths in the crosswise
and 45° directions, probably indicating that the cloth yarns in this
laminate were preferentially oriented (tables V, VI, VIII, and IX). It
should be noted that the difference in yarns per inch in the two direc-
tions for the fabric used in these laminates is much greater then in any
of the other laminstes. None of the other materials show such a large
difference in propertles between the lengthwise and transverse directions.

The effect of laminating pressure on the properties of flat sheets
can be observed by comparing the results obtained for the SC1 panels
with those obtained for the SC2 panels. Both samples were made of similar
materials. The laminating pressure used for the SCl panels was 200 psi
and that used for the SC2 panels was 1,000 psi. With one exception, the
values for tensile strength, tensile modulus, flexural strength, and
flexural modulus are grester for the SC2 panels than for the SCl panels.

Properties of Heat-Treated Sheet Material

The slight changes in dimensions observed in most caeses on heating
the laminstes represent a reversal of the changes in dimensions that
occur during high-pressure leminsting. The thickness increased slightly
on heating and there was an indication of decrease in length and width.
It is plausible to consider the phenolic resins as being partially thermo-
plastic, with the result that there is a slight tendency for the resin
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to assume 1ts original dimensions when heated. This resulting increase
in thickness would result in a tendency toward partial delamination of
the laminate, leading to a decrease in strength properties which is
observed as a result of the heating cycles.

-

Effect of Industrial Postforming on
Properties of Flat Sectilons

The PGl samples showed larger changes in flexural properties and
water absorption due to postforming than 4id the PG2 samples. This is
probably due to the fact that the postforming operation was much more
severe for the former samples than for the latter. The postformed
PGl sample contained several 90° bends whereas the PG2 sample contained
only one 30° bend. According to the fabricator, the same heating cycle
was used in both cases.

The water-ebsorption results indicate that the greatest effects of
postforming occur at the curved sections. It was noted that in these
curved sections, the fabric wes more promlinent in the outer surfece and
numerous fine cracks appeered in the resin.

Propertiles of Molded Angles and Channels

The strength and modulus of flat portions from the commercially
molded chennels MBl and angles MB2 are considerably less than those of
flat sheets made from similer materiasls. However, the strength and
modulus of the flat sectlons from the V-panels molded in the laboratory
at the Nstional Bureau of Standards are in most cases higher than those
of similar flat sheets. These differences in behavior between commercislly
molded and leboratory-molded parts mey be due to differences in fabrica-
tion conditions or technlques. Thus, it appears that the strength and
modulus of flat portions of molded lamlnate sections may or may not be
different from those of sheet laminates.

Effects of Postformlng on Properties of Curved Sections

As stated previously, the strengths of the flat sections of the
laboratory molded V-panels asre in most cases higher than those of sheet
laminstes, whereas industrially molded parts have lower strength values.
In addition, the postforming heating cycle did not affect the flexural
strength of the flat sections of the V-panels in most cases, whereas the
flexural strength of commercial sheet laminates decreased as much as
approximately 10 percent on heating in most cases. These differences
in behavior may be due to fabrication techniques.
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The PC2 panels were mede of materials used in postforming-grade
laminates whereas the PCl panels were not. This difference is reflected
in the slightly higher flexural strengths of the postformed PC2 panels in
two cases only, when specimens of the formerly curved sections with 0°
and with 90° warp yarn were tested on the convex side. In addition, the
water absorption is greater for the PC2 panels than for the PCl, both
before and after postforming. However, the flexural modulus of elasticity
of the PC2 panels was consistently greeter than that of the PCl panels,
with one’ exception. These results would indicate that shapes postformed
from postforming-grade laminates do not necessarily have superior prop-
erties for structural and semistructural applications than do those fab-
ricated from regular-graede laminates.

In most cases, the strength of the formerly 90° curved sections was
‘equal to or lower than that of the formerly U5C curved sections and the
water absorption was higher. These latter results are in agreement with
the results obtained on the commercially postformed shepes. These results
would indicate that the higher the angle of bending, the more the proper-
ties of the material are affected.

In general, the flexural-strength values for the formerly curved
sections when tested on the convex side were higher than when tested on
the concave side. In postforming, compressive stresses are induced in
one surface of the formerly curved sections and tensile stresses in the
other. When the specimens are tested on the concave side, the side with
the residual compressive stresses is in tension, and, when tested on the
convex side, the side with the residual tensile stresses 1s in tension.
One might therefore expect the specimens tested on the concave side to
give higher strength values than the specimens tested on the convex side.
Actually, the reverse was found to be true. One explanatlon is that there
is probably a realinement of residual forces in the laminate when the pres-
sure applied in postforming is removed because of the tendency of the
material near the neutrel axis to assume its original position. Because
of this alinement, the face formerly in compression would now be in tension
and vice versa. Thus, when the specimens are tested on the concave side,
the face in tension already has a residuasl tensile stress, which would
tend to decrease the flexural strength. The reverse is true for the
convex side and results in higher strength values for the specimens when
tested on the convex side than when tested on the concave side.

CONCLUDING REMARKS

Tests were conducted to determine the properties of flat sheets,
molded shapes, and postformed shapes of cotton-febric phenolic laminates.
Most commercial cotton-fabric phenolic sheet laminates tested showed
directional variations in mechanical properties. 1In most cases, the
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values obtained when the specimens were tested at a 45° orientation to
the warp yarn in the top ply are up to 25 percent lower than those
obtained when the specimens were tested lengthwise or crosswise. For
materials in which the tensile strength and modulus were greater in one
direction, the flexural strength and modulus also tended to be greater
in that direction.

Postforming may or may not affect the strength properties of flat
sections, probably depending on the fabrication technique and possibly
the resins used. In general, the strength of curved sections decreased
on postforming end the water absorption increased. The degree to which
these propertles changed increased as the bending asngle increased. The
flexural strength of postformed curved sections was higher when the load
was applied to the convex side than when 1t was applied to the concave

side.

The molding of shaspes of phenolic laminates may or may not reduce
the strength properties of the laminate, probably depending on the fab-
rication techniques.

Netional Bureau of Standards,
Weshington, D. C., June 15, 1953.
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TABLE I.- DESCRITTION OF COTTCN-FAERIC PHEMOLIC LAMIRATES

Fabric
NBS sample Type Approximate
dasignation aige, In. |RKumbar of
(Q plies Yarns per in. | Yern, ply Weave
8A1-16 | Grade C postforming T0 by L6 i 9 by 34 1 Plain
SA2-16 | Grade C infrared postforming 0 vy 46 L 50 by 3h 1,2 bplein
§Bl-16 |Grade (¢ natural postforming S by 8.5 b 38 by 38 1 Plain
by 375

5Be-16X | Grede C %6 by 36 N ko hy 38 2 Flain, 8.66-0z army duck
8B2-8X | Grede C 36 by 3 9 ho by 38 2 Plain, 8.66-oz ermy duck
GBA-4X | Grade C 36 by 36 16 4o by 38 2 Plain, 8.66-0z army duck
8B3-16Y | Grade CJP-11 poetforming 36 by 36 L 40 by 38 1 Plain, 8.66-0z ermy duck
8B3-8Y | Grade CJP-11 postforming 36 by 36 g Lo by 38 1 Plein, 8 £ ammy duck
§B3-kY | Grade GJP-11 postforming 36 by %6 16 40 by 38 1 Plain, 8.66-02 army duck
801-16x 10 by 10 b 4o by 38 2 Flain, 8.66-o0z army duck
8C1-8x 10 by 10 9 ho vy 36 2 Plain, 8.66-0z army duck
3C1-kx 10 by 10 16 Lo by 38 2 Plain, B.66-0z sxmy duck
caC2-16X 10 by 10 i Lo by 38 2 Plain, 8.66-0z army duck
8Cc2-8 10 by 10 9 40 by 38 2 Plain, 8.66-0z army duck
gCc2-4x 10 by 10 16 40 by 38 2 Plain, 8.66-oz army duck
8C3-16Y 10 by 10 L ho by 38 1 Plain, 8.66-o0z army duck
8C3-BY 10 by 10 9 4o by 38 1 Plain, §.66-0z army duck
8c3-hy 10 by 10 15 Lo by 38 1 Plain, 8.66-0z army duck
8D1-16 36 by 36 L4 39 by 37 1 Plein
SEL-8 Grede C 36 by 36 T 50 bty 3h 1 Plein

GEge NI VOVN

8p4rat letter indicates form:

and under similar molding conditions; 1n samples MC and FC,
lengthwise direction of molded V-penel,

8 dindicaies flat sheets,

M indiestes molded shapea,

P indicates postformed shapes;
second letter indicates spource (letter C dssignates samples prepared at §BS); first number 1 sample number; number after
dash 18 reciprocal of nominel thickness in inches; all materials with X in their designetion are made with seme resin emd
fahric and under similar molding copditions; e1l materials with Y in their depignation are made with seme resin end fabric

R Indicates that werp yerns of outer plies were parallel to
5 indicates that werp yarns of outer plies were at 45° to lengthwise direction of

molded V-panel, and T indicates that warp yarns of outer plies were perpendicular to lengthwize directiom of molded V-panel.

bvo-ply yern in one direction, singls ply in other.
€501 emd SC2 differ only in that SC1 was molded at 200 psl and BC2, at 1,000 pai.

12
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TABLE I.- DESCRIFTION OF COTTCR-FABRIC PHEWOLIC LAMINATES - Combtinued

Fabric
HES sample Bype Approximate
designation alge, in. Number of Yarms n farn, ply Weave
(a) plies per 1n. y P
SF1L-16 Batural postforming h8 by b8 5 TO by o - Twill, over 2 under 1
8r2-16 Green postforming 48 by k8 6 70 by ko - Twill, over 2 under 1
dypi-16 Grade C % by 2.3 " 52 by b2 1 Plain
eldes
dym1-8 Qrade C 3% by 2.5 9 52 by 42 1 Plain
sides
T Grade C 36 by 2.3 16 52 by 42 1 Plein
' gldes
MB2-16 Grade C 3% by 2.3% k 39 vy 37 1 Blain
- pides and base
Mp2-8 Grede C 3% by 2.3 9 29 by 37 1 Plain
gides and base
eMp2-k Grade C 36 by 2.3 16 39 by 37 1 Plein
sides and base
fwe1-16xR 5by & b ho by 38 2 Plaln, 8.66-o0g mrmy duck
ue)-16x8 5hy b 11 40 by 38 2 Plain, 8.66-0r army duck
Tue1-1631 Sby & A Lo by 38 2 Plain, B.66-oz army duck
fMc2-16YR Sby L L 40 by 38 1 Plain, 8.66-05 army duck
Pyea-16ys 5by bk ) 40 by 38 1 Plain, 8.66-0z army duck
02-16yT 5by & I 40 by 38 1 Plain, 8.66-0z army duck
8PC1-16XR | Postformed from MCL-16XR Sby L L 40 by 38 2 Plain, B.66-0z army duck
8pC1-16X3 | Postformed from MCY-16X8 5 by L L 40 by 38 2 Plain, 8.66-0z army duck
ZpC1-16XT | Postformed from MCL-16XT S5by 4 ) %0 by 38 2 Plain, 8.66-0z ermy duck

cc

8First letter indicates form: S Indicates flat sheets, M indicates molded shepes, P indicates postformsd shepes;
second letter indicates source (letter C designates samples prepered at NES); firat mmber is sample nuaber; nmiber after
dssh 1s reciprocal of nominsl thicknesg in inchea; £11 materdels with X 4n their designation are made with same resin and
fybric and under similer molding conditions; all materials with Y in their designstion are made with geme resin and fabric
ard mnder similar molding conditions; in semples MC and PC, R indicatea that warp yarns of outer plies were parailel %o
langthwise directlon of molded V-penel, 3 indicates thet wvarp yarns of outer plies were at 45° to lengthwise direction of
molded V-penel, and T indicates that warp yerns of outer plies were perpexdicular to lengthwise directiom of molded V-panel.

d401ded sngles; natural color.

SMolded channels; netural ealor.

fuolded V-panalsy see fig. 1.

Ev.pansls postformed into flat shests.

G2ge NI VOVN

T
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TAFLE I.- DESCRIPTION OF COTTCN-FABRIC PHENOLIC LAMINATES - Concluded

Febric
NBES gample Type Approximate
designetion glze, in. Rumber of
plies Yarns per in. | Yarn ply Weave
(a)

Bpoo-16YR | Postformed. from MC2-16YR 5 by 4 L 40 by 38 1 Plain, 8.66-oz army duck
Epco-16Y8 | Poptformed from MC2-16Y3 5 by 4 k 4o by 38 1 Flain, 8.66-oz ermy duck
Bpc2-16YT | Postformed from MC2-16YT 5 by L b 4o by 38 1 Plain, 8.66-0z srmy duck
hpgi .16 Postformed from SE1-16 9 by 2.5 L 38 by 38 1 Plain

base and three sldes
ipge-16 Postformed from SBl-16 9 by 3.75 L 38 by 38 1 Plain

with 300 bend
1.75 in. from one end

8pirgt letber indicates form:

8 indicates £lat sheets,

M indicates molded shapes,

P indlcates postformed shapes;

gecond lebter indicates source (letter ( Aesignates sasuples prepared st HES); first number is ssmple pumber; number afber
dash 1s reciprocel of nominel thickness in inches; ell materials with X in their designation are made with same resln and
fabric and under similar molding conditioms; all materials with ¥ in their designation are made with seme resin and fabric

gnd under similsr molding conditions; in semples MC and FC,
lengthwise direction of molded V-pansl,
molded V-penel, and T indicates that warp ysens of

R indlcatea that warp yarns of outer plies were parallel to

8 indicates that warp yarna of outer plies were at 45° to lengthwise directiom of

8y_pansls postformed into flat sheets.

outer plies were perpendiculsr to lengthwise direction of molded V-panel.

Cege NI VOVH

Bpwmnition chute part from B-25 nose asgembly, channel; see fig. 2.
1ppmmition chute part from B-25 nose assembly; see fig. 3.

¢e
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TABRLE IT.- DIMENSTOMAL CHANGES FRODUCED BY POSTFORMING HEAT THEATMENES OF CUTTON-FABRIC

FHENGLIC SHENT LAMITATE

Impersion in oil at ST F
(a)

Eeating in circulating air oven st h00° F

HBB eaple | poration | Avevese Avarage Change in Chenge | Change | Durstlon| Average A Change
"desigmablon | op ariginel | thiciness thickness in in of originel | thi s cm;:ge in
heating, |thickuess, | afisr heating, tn heating, length, [ width, | heating, ] thickness, |after beating, on heeting, length, | width,
sac in. in. peroant percent | parcent min in. in. parcant percent | peroant
3A1-16 1 0,0648 0.0651 0.% -0.5 -0.2
20 0.,06%: 0.0656 0.2 0.k 2 Q6T 0650 4 .2 -.3
ko 0664 .0669 .7 7 -k 3.5 065, .08Th 3.0 -.9 -.6
3a2-16 g;o 0679 0689 1.5 -7 ~1.0 3 0o 0708 2.4 -3 -1.0
b 60 .06 L0653 1.9 -3 -1.0 5 05685 0710 35 -1.0 -1.0
180 0699 L0713 2.0 -0 -1.0
sB0-16 bxg 0643 0650 Ll o -1.0 2 .0bk2 . 1.6 -.5 0
bgg 0706 . .8 -7 -9 3 L0630 ?y} 1.0 o -1.0
120 .0852 g&tzl 1.3 "3 ¢
8D1-16 o 0655 065k -2 .1 -] 1 e 0681 -5 1] -1
5 065 0656 .2 . .- 2 32\’59 0652 .3 - -.2
] 0662 0659 -4 -4 -4 3 . 0653 .9 -4 _.3
am.-8 l 60 »12k5 .la57 1.0 -5 -2 3 1259 1259 0 0 -
120 1293 1280 2.2 -2 -5 6 129 131 2.4 -2 -2
SF1-16 25 O7h9 -0761 1.6 -5 -.5 1 0743 0745 .2 0 1]
35 0T 0768 3.2 -k - 2 0T 0771 2.6 -2 -2
by 076 gg 1.1 .3 -1.0 3 o7k .OTST 2.1 -9 b
50 0788 . 13.9 =7 -9
bsn 0TES Neyerd 9.9 -7 -5
ara-16 2% L0692 +0696 .5 -] . § 1 0638 0695 -k -2 0
Eol Q701 OT20 2.6 2 -2 2 Lo8eh ﬁ 8 -2 -.1
3 0655 . Y -2 -.2

RgAF 20 o)) conbadping 10 pereent
Packol

paraffin odl.

sulfur wvas used for oil imeersion oxcept where otherwise noted.

e

Gege NI VOVH
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PAHLE TII.- EFFECT OF OVEM ERATING AT 20%.5° C (300° F) ON FLEYURAL PROPERTIES

QF COTTON-FABRIC PHENGLIC SHEEY LAMINATES - Concluded

92

Floxmral strength Flegural modulue of elasticity
(s) (a)
£ e 0, T
daz ion s | Bumbar Btandard [Coefficient of |Paroent |Humber Btadsrd  [Coefficient of |Percamt
win of Awr;ge mﬁ" arror, | wveristion, ot of ““:5. m?’ errar, 'nrutim,ur of
tewts e L pal percant original [tests = e ral percent original
8F1-26 0 12 | 19,600 | 18,600 to 20,100 160 2.7 100 1 11,08 x 106]0.97 x 105 to 1.21 x Wb|o.0n2 x 108 3.8 100
1 5 | 29,400 | 18,800 to 19,700( 160 1.9 96.9 5 | .94 .95 to 0-99 e - 0.3
2 5 | 27,900 | 17,200 to 17,500| 10 1.9 8.2 b 1 .90 .50 0 0.50 [’} Q 8.5
2 k| 27,500 | 17,200 to 18,000 10 2.0 8.2 3 .90 .05 0 0.9 Joh 23 6.5
3 5 | 18,100 18,000 to 18,k00| &0 .9 92.3 5 | .0 & 10 0,51 010 2.6 5.5
6r2-16 ] 1 | 16,600 | 15,800 to 17,200] 140 2.7 100 1. |05 92" to 1.16 )] 9.9 100
1 5 | 16,500 | 16,100 to 17,800| 320 3 9.3 5 | .88 .87 40 0.8 .00k 1.0 8.8
2 5 | 16,100 | 18,700 to 16,300| 100 1.5 96.9 5 | .88 By to 0.9% 016 k.o 8.8
f;
2 & | 25,500 | 16,800 o0 16,600| 60 Kt 99.% k| .93 91 1o 1.00 082 .8 88.5
5 5 | 25,900 | 15,80 to 17,000] 40 .5 w2 . 5 | -: 87 +0 0.9% -0k 3.4 8.6

Specimens tested 9P to lewgtivise unless otherwise indiceted.

e e
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SYmmarsion in SAR 20 lubricating oll containing 10 percent sulfur mmless otherwise noted.
bgpacimens tasted 45° to lengthwise unless otherwise indicated.

Clwmeraion in Mar¥ol peraffin oll instesd of lubricating oil.
dpasted 1engthvise.
.me.
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gc

EEAE.EIV-«EFFHIEOFI!HERSIOHIHOILATlQU.EDC(BﬁI)ONHEEURALPROPEREIE
OF COTTON-FABRTC PHESOLIC SHEET LAMINATES - Concluded

Flexurel strength Flexural modulus of elssticlty
2B3 semple | Tiwe Of (b) ' (v)
designation 1“":;‘?‘“: !I'm;;er Aversge, S':ra:;‘;frd. mgm of Pmo-;ent Hmonfber Average, se;t.-;ng_rd mviﬁ:m of Perogent
(a) tests pel psl ’ percent; ’ origlinal|tests pel pel ’ percent ’ originel
SFL-16 0 11 | 19,600 | 160 2.7 100 11 1.0 x 108(0.012 x 105 3.8 100
25 5 | 18,600 | 2% 2.7 4.8 5 .98 .03%6 8.3 ol.2
25 y | af,ho0 | 11O 1.9 88.7 4 .95 .032 6.6 91.5
35 5 | 18,ko0 20 2.5 93.8 5 .05 024 3.6 91.3
e35 5 15,100 1k0 2.1 7.0 5 - TT -010 3.0 ™.0
50 5 18,100 | 160 2.0 92.3 5 .91 .020 5.0 B7.5
€50 5 | w600 90 1.3 9.5 5 |8 femmeacaee- - 7.9
8F2-16 ¢ 11 | 16,600 | 1o 2.&8° |10 11 }1.05 . 0% : 9.5 100
25 5 | 16,200 | 100 1.4 97.5 5 | 93 013 3.1 88.5
25 4 16,300 ho 5 98.0 L 91 0 0 86.6
35 5 | 16,100 | 1h0 1.9 96.9 5 [1.12 041 8.3 107

aTmmersion in SAE 20 lubricsting oil conteining 10 percent solfur wmless othervwise noted.
Bopecimens tested L5 to lengthwise wnless otherwise indicsmted.
Crmmersion in Markol persffin oll instead of lubricating oil.
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TAEE V.- TERSTLE STHERGFA OF COTTON-FABHIC
PHENULIC SHERT LAMINAYES

Gege NI VOVN

Tansile strength, lengtinisa, Teonsila sirength, crossvise, T&:I;ﬂes‘l:-r-mg'thcthju )
NES sampla | ATeraze lt?;r (a} (a) {a)
des. *irlckness, Mumber Standard, | Coafficient of | Mumber Btendard | Coefficient of | Fusber Btandard | coafficient of
1gnation in. uhests | oo M;;ga, 3 intion, of | Averags, error, yariztion, of | Aveaga, —— vorietion,
testa ol percent tasts | P pal penscart tests | ¥ sl percent

mjg 0-% 1 5 | 1,90 | 1% a.g 5 g.lmo Q 1.8 5 g:ooo 0 1.8
gA2 - 1 5 9,000 3 5 900 1.5 5 900 .8
8116 065 5 12 | 11300 | 190 7 9 | o960 | 200 6.1 3 | wom | oo 1.8
BB2-16X -068 1 L} 9,700 | 1 5.9 hL3 9,&0 | 20 8.2 15 8,%0 | 120 5.2
8p2-&( 1% 1 5 | 1,70 [ 170 3.3 5 | 1,600 | 140 3.2 5 5,800 E) 7
BB2-4X 209 1 5 10,100 150 3.3 5 10,900 100 2.1 5 10,100 100 2.1
8B3-16Y 063 1 9 12,000 20 5.3 9 10,800 0 lz-E 10 10,100 90 2.8
ap3-6y -33 1 5 | 12,500 10 1.2 5 10,600 260 5. 5 9,500 9% 2.1
BB3-hY - 1] 1 5 11,700 60 1.1 12,000 120 2.8 5 9,300 a0 2.0
SqL-16x 070 1 5 9,700 100 a7 - R — —_ - — —- -
801-6x me 1 5 9,900 10 a.5 . ——— —— — - —— — —_
BC1-%K 270 1 5 10,500 260 5.5 - ——— — —— - ———— —— ——
3c2-16x OBl 1 5 10,k00 170 i.s — —— - — [
BCp-8K Ak 1 5 11,000 ee0 & -~ — JE—— - - _—
sCca-ix «2h3 L 5 10,000 170 3.7 — —— — —— _—
8C3-16Y 005 2 W 10,500 0 Rl - S — — - —_—— - —_
gc3-8r 115 2 10 11,600 1%0 k.l - I — — - S — —_
8C3-4Y 228 2 1 12,k00 120 3.0 - —_— — ——— - —- - —
H0-16 063 1 5 10,%00 140 2.5 5 9,400 200 2.4 5 9,400 - Bo 2.0
- 8. 125 1 5 11,500 T0 1.3 5 11,300 100 1.9 5 10,000 150 4.3
ar-16 %’3! 1 5 15,000 90 1.3 5 8,500 ° 1.9 L] 9,300 ko .9
gra-16 . 1 5 16, 200 2.6 5 7,600 100 2.7 [ 8, 70 1.8

By sngthwise, crosswise, end ¥5° indicate that warp yorns on faoce pliss were perallel, perpendigular, and et k5%, respectivaly, to length of test specimen.,

6z
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TARTE VI.- TERSILE SECANT MODULDS OF FLASTICTYY OF COTTON-FAHRIC
PHESOLIC SEEET LANINAYES

Tenalle secant modulua of elasticity -
HH3 sample Crossiine h5? to lengthwise
designation ?h) (b) (b}
Humber Btanderd | Coafficiemt of | Rumbar Standard  |Coafficient of | Fowber ftandard | Coeffioient of
of Jkie:agi =, errar, woriation, of Amrzse, exrar, variation, of Averags, amar, varistion,
(2) tesio » pai percent testa b pad percant tasta el pei parcant
Btress range, 0 to 2,500 pal
8A1-16 1.26 x 205 | 0.006 x 106 1.1 5 |1.36 x 108 | 0.018 x 106 3.k 5 | L13x 20° [0.000 % 105 Le
A2-16 5 | 1.24 020 3.7 5 |1a .020 3.8 5 |11 018 3.3
8H1-16 9 |1.08 .013 T 8 .98 026 8.0 9 88 .07 5.8
gB2-16X 13 o1 .020 7.2 233 | 1.00 020 7.2 15 014 5.8
ap2-8x E 1.25 -030 B4 h liar 062 H.T 4 |02 016 3.1
gp2-hx 1.01 028 5.5 n | 1.06 .03k 7.2 5 l1.02 026 5.7
BR3-16Y 4 [1.29 03N E 8 0 |10 021 5.5 10 |12 026 6.7
EE%-BY 5 111 .33 ;{ 5 |11k .018 3.5 5 |1.09 -029 6.0
883-hr 5 |1.10 027 P 3 1.09 029 59 3 .96 .18 h.1
BCL-16X 5 N .012 3.0 - —— - i
8c1-8x 5 N:,] .012 3.2 - — —
BC1L-bX 5 AL 020 6.1 - — - ]
BC2-18X 5 .96 .018 k.2 - —_ -
8e2-8x 5 |1.04 .018 3.9 - — -
8ca-ix 3 .88 01T L3 - — -
BC3-151 10 .97 g% 2.1 —_— — -~
sc3-Br 9 (1.09. 016 &5 . —_ -
| - 903-hY - 10 [1.13 r Ok 5. - — - 4
am-16 5 |1.18 .015 2.8 5 |1.2% .010 1.7 5 ]1.310 0035
6218 5 | 1.3k .038 I.h 5 122 .0%0 5.5 5 l1.06 .018
-1 Y 1% 03 .8 5 |1.0% .02k 5.2 5 |11t 016
gra2-16 5 |Lm 01T 2.8 5 .88 016 (%] 5 102 013

Spvarage thickoess and number of sheats repredentad are giyen In table V.
Drangtindse, crouw:l.u,mkftolengthuiutﬂcﬂethtwpmsmrwepm:mpuﬂlcl,pu?aﬂiwln,undd;kj"‘,mpncbi‘mh,to
length of tast specimen.

€2pe NI YOVH
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TABLE VI.- TENSILE SECANP MODUCIS OF ELASTICIRY OF COTTCM-PABRIC
PHEROLIC OHEET LAMINATES -~ Contimued

cege NI vovN

Tensile secant modulus of elasticity
Langthwiss Crosswise 59 to lemgthwise
HPS sowple (b) (k) (v)
o " Btandard Coefficlent of | Mumber Btandard Cosfflaient of | lumber Shandard Costfiaisnt of
Humbar o
of hveroge, error, veristion, of Avar:ga, arrar, variation, of Avcrags, erTor, varistion
(=) totte pel pei percent tents » pal parcant, tasts pel pel paroent.
Stress rangs, 0 to %,000 psl

BAL-16 5 | 1.19 x 10| 0.017 x 105 3.1 = | 1.08 x 106 | 0.011 x 106 2.k 5 | 1.05x 105 0.013 % 106
gA2-16 5 1.4 012 2.4 5 | 1.23 .013 2.6 5 | 1.0k 010
BHI-16 9 .96 007 2.1 8 N, Nkl 3.6 9 .18 .010
8R2-16X 13 L7 16 6.5 13 .87 019 TT 15 8 012
gRa-fx 5 |l 018 3.5 b | 1.06 087 10.7 % 97 o2h
RO 5 .85 .012 3.2 5 03 .01 2.8 & N: .020
B8B3-16Y 8 |112 0% T.3 10 |21.09 017 E.o 10 .13 022
BB3- 5 [21.03 +0R0 'S} | 1.0% 021 .5 5 | 1.00 .018
SB3-4Y 5 .96 016 5.7 3 o7 .o 2.6 5 55 011
BCL-16X E «TL 015 6.1 - - —
8C1-8X .12 .008 1.k - — —
8C1-1X 5 .67 009 5.0 - —— -
802-16x ) 8 . k.0 - —— -
sre-Br ] .87 Sif 3.5 - [ -
BU2-kx 5 T 015 k.6 _— — -
80%-16Y 10 R: -} 008 3.0 — — -
B03-8y 9 .97 .01k b3 —_ — -
803-§Y 1L | 1.0k 007 2.3 - — -
gD1-15 % |11 010 2.0 5 [1.1a 006 1.2 5 |x.00 .00%
-8 i 1.03 .07 5.8 5 |10 oﬁ 6.0 5 .97 .01%
BF1-16 1.22 +011 1.8 ) .9k »0 3.3 5 |1.02 021
gra-16 5 |1.20 008 1.8 5 .66 .010 3.6 5 . .009

Baverage thioimeas and mmber of shasts reprasentsed are given in tabla V.
Brangtimsise, cromsvise, and WP to lengthwisa indicxte that warp yarne oo face plies were perallsl, porpendicular, and abt 4P, respectively, to
lacgth of test spacimen.
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TAHLE VI.- YVASTIE SECART MODUTIS OF ELASTICIYY OF COPTUNM-FAERICG
PHEMOLIC CHEEY LAMIWATEH - Conolunded

Tensile secant modulwe of elastioity
Lenghimise Crossviss k5° to langthwies
MBS sawple (v) {b) (b}
Sesination 8 of Coefficlent of | Number Standzd Coefricient of
Nomber ‘tandard Coefficlient Fumber Standard e
of har:@’ errar, variation, of ‘“Er:ga’ errur, yaristion, of A'v;r:sa, error, variation,
(&) tests re pad percant taata b pai percent tanta psl percent
' Gtress range, 0 to 7,500 pel
EB2-16X 8 |o0.68x 16| 0.015 x 1F 5.5 - — - _
Pe-8% 5 | o7 .009 - 2.4 b |0.90 x 106 0,029 x 106 6.k 5 |02 x 106 | 0.008 x 10 6.0
SB2-4X 5 | 63 -02h 8.5 5 | - »013 4,0 | .o .010 3.0
8B3-16Y 8 .99 o0B6 7.3 10 .93 033 nm.1 w | 1.0% 027 8.2
aB3-81 5 52 023 5.6 5 O 013 3.1 E .50 012 3.0
:1:5 85 5 .19 013 3.7 5 -8 005 1.7 ™ 008 2.8
§1-16x 5 B .0%9 0.k - J— - —
801.-8x - ———- - -— | — -
BC1-5X 5 g1 019 2.4 - — —
BC2-16X 5 .58 014 5.3 —— —
802-8x 5 .68 025 7.5 - _ —_ ——
8ca-kx 5 A7 063 30.0 — —
i ) |
BC3-16Y 0 .43 .01k 9.2 —_ - —
8C3-8r 9 .76 .aL3 5.0 — — _ —
B8C3-4Y 10 .3 007 2.7 — - —
1

Bpverage thickoess snd munber of shesbs reprasachbed ere given in table V.
Prangthvise, crosswise, and 45° to langthwise indicate that warp yarn® on faoe plies wera parallel, parpendicular, and at 459, respactivedy, to
dength of best .
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TABLE VIL.- STRAIN AT FAILURE IN TENSILE TESTS OF COTTORN-FABRIC

PHEROLIC SHEET LAMINATES

Strein at fallure (2-in. gage lsngth)

Lengthwise Crosswiae 45° to lepgthwise
HES semple (a) (a) (a)
Ges 1o £| Rumber Standard |Coefficiant of |Number Btendard [Coefficlent of
Eumber Standerd|Coefficient o c [}
of |Average, error, veriation, of Averc:gz, errar, variation, of Avei:ﬁ:’ error, variation,
tests percent percent percent tasts |P*° percent percent taata |PEF pexrcent percent
BAL-16 5 2.9 0.07 5.6 5 2.8 0.13 10.3 5 2.6 0.16 1.2
8A2-16 5 2.2 .25 £5.0 5 2.3 2k 2l.0 5 1.7 .05 7.0
8B1-16 8 L.y .21 13.2 9 5.4 .18 1.1 9 T.5 .28 1n.2
gD1-16 5 3.8 .15 9.0 5 h.3 14 7.1 n 5.3 24 10.1
gEL-8 b 4.6 .19 8.2 5 k9 26 11.9 5 6.5 .08 2.9
BF1-16 2 2.6 —— —_ I 3.3 24 4.3 5 1.8 .06 1.2
sF2-16 3 5.2 .09 4.0 5 6.4 .21 7-4 5 T b .25 7.5

M engthylee, crosgwise; and #5° to lengthwise indicete that warp yarns on face plies were parallel, perpendicular, end at
480, respectively, to length of test specimen.

G2Re NI VOVN
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mvm.ﬁnmmmwcm-rm
PHEROLIC SHEEY LAMINATES

Fleoanml strength, lengtindsa Flaxmral sl‘.-mnfth, crosowise Fleoral strangth at k50
n . (a) (s (a)
KBS sempls TER
designaticy |thickness, | of Busbar | stammcoorrmmm@mmA Standard | Coafficient of | Bumber Btandard | Coefticient of
in. sheets of ‘:‘:89: errar, Tariation, of "';:‘:531 exror, varistion, of *‘;;Eﬂp error, varixtion,
teats pol pereant tecta pel percent tests pei percent
gAL-16 0.065 1 5 24,300 0 %.h ] 20,000 0 5.8 15 19,700 120 2,
8AD-15 .069 1 5 [ 19,700 | im0 17 5 | 1860 | 200 2.k 5 | 200 | =00 P4
8B1-16 ~O6h [ - 20,900 150 3.2 20 19,%0 250 5.k 2 18,200 1h0 3.5
EB2-161 —— 1 15 18,500 290 5.9 15 18,600 320 6.7 15 17,700 B0 1T
BE2-BL —— 1 5 | 20,800 | 20 2.8 5 | eye0 | 2% a7 5 | 19;h00 | 120 1k
m2-hx B 1 5 17,500 270 3.5 5 18, 100 160 2.0 5 16,560 [ .8
bago-hx — 1 ? | 15380 | 200 h.2 5| 15,%0 | 330 Ly 5 | wmmo | 220 3.2
8B3-16T e 1 1o 3,200 1ko 2.0 10 23,200 2 3.0 10 21,800 %0 2.0
SB5-8Y — 1 3 22, 800 250 - 5 21,200 220 2.4 5 20,200 2ko 2.7
a3-4Y ——— 1 5 20,h00 150 L7 5 20,00 110 1.2 5 17,600 190 1.9
8C1-16X —— L 5 16,800 230 3.8 15,400 160 2.2 5 1k, 900 70 1.0
BC1-8¢ —— 1 5 | 17,200 % 1.0 5 | 7o | 1o L3 5 | 16,300 o -8
801kT — 1 = —— - —_— 17,000 130 1.7 3 15,700 To -8
802161 —— 1 3 13,800 110 1.2 5 19,200 180 2.1 5 15, 130 1.8
802-8¢ —_— 1 5 20,000 | 200 2.2 5 | 800 | 1m0 L7 5 | 18 ™ .8
BC2-hx —— 1 - —_— —— —_ 5 15,600 240 2.8 5 27,700 23] 1.1
BORUY | e 2 w [ 2,700 | o 36 0 | 19,000 | 280 3.0 1 | 1,200 | emo 5.7
8301 — 2 10 1,300 o .5 1w 21,700 10 L5 0 19,500 00 1.6
363-hr m— 2 - m—— —- — 10 20,%00 2% L R} 0 18,800 | 90 1.6
[l . H 1 . ' -
1 : :
8h1-16 «083 2 5 21,500 250 2.7 5 21, 50 3an 3.3 10 19,900 100 1.5
-8 23 1 19 20,100 80 L7 10 £1,000 140 2.0 10 19,500 90 1.k
BFL-16 g 1 5 26,000 350 3.0 5 15, 500 150 2.1 n 19,600 160 2.7
grR-16 . b 5 23,800 210 2.0 5 15,700 280 1.8 1 ,600 140 2.7
‘I.ungthme,ero-me,mh?mmtmtnmmmfmmumm,mm,mmh » Tespectively, to length of tast spacimen.

tested with lamina vertice) (edgovise) inmtead of In meual bordzomtel memner (Tlatwise).
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TABLE IX.~ FLEIURAL MODULDS OF ELASTICITY OF COXTON-FADEIC
FHENOLIC SHEET LAMIHATES

C¢gge NI VOVH

Flannsl modulns of elasticity, Flexurel modilua of elasticdty, Flexural modulus of elasticlty,
luu.?thsile crosavias at 450
—— b) (r) (v)
designation | gogher Standnrd | Cosfficlent of | Rumber Standard | Coefficient of |Mumber Standerd | Goeffioient of
of Average, arror, veriation, of Ayerage, sryor, veriation, of Average, errox, veriation,
(=) tasts pei psi poresnt testa pei pai percent tests sl pal percent
An-16 b | 1.18x 105 | 0.026 x 2P .5 1.0% x 206 | 0.0%6 x 108 E.a 16 | 0.90 x 106 | 0.053 x 106 5.5
AAR-16 5 |10 010 2.1 5 .99 081 .8 L G 016 5.9
HHL-16 3] 04 .01k 6.7 17 9% 015 6.6 20 N: ] .010 5.1
gp2-16X h .82 027 11.9 12 .90 .01k 6.0 13 N:, 011 4.E
EBR-8X 5 1.0 .008 1.6 1.13 .050 8.8 5 1103 0135 a,
gpe-ix ) .90 .018 (91 b 97 .006 1.3 5 .B8 .018 &6
ogpa_hx 5 i) 023 7.0 5 R:,] 036 9.6 L) % 010 2.8
aB%-16Y 1 |1 .020 5.8 1 | 1a2 .018 5.1 1 |08 02k b0
aB%-8Y 5 1.% 0% 7.0 5 |11 .026 R 5 | 1.06 .02k 5.0
B3-LY 5 | 1.03 022 ».8 5 | 102 .012 2.7 ) ok 015 3.6
a01-16x [ g .011 3.0 q .80 .017 k.9 .78 .03 8.8
8018 5 024 .6 ] fo .017 | W 5 .6 007 1.9
ac1-hx - — L &5 .01 2.9 .02 030 7.3
BC2-16X 5 a3 3. 5 .50 .01k 5.3 5 N 020 6
sCa-8¢ 5 97 oy 3.5 5 | 95 .016 3.8 5 1. .01k .7
ace-ix - —— 49 [1.00 <015 3.3 5 . 003 1.3
803-16Y 10 N: ;] 012 by 10 N .012 k.3 10 N: ] 015 4.8
s0=-8r 9 |1.03 .018 5.2 10 | 1.00 .018 5.2 10 .96 011 3.7
SURHY . ——— 1 |1.09 .012 3.4 1 | L.0M 013 k.0
amL-16 5 |1.12 024 k.8 5 |La2 Q31 6.2 10 .96 009 3.0
ax1-8 19 .9 Q0% 2.1 10 97 . 1.9 10 G .008 2.7
8rL-16 % |1.20 o;g k.z 5 99 +0%0 6.8 1| 1.0k 012 3.8
ar2-16 % |16 .0, 6. b N ] 029 7.2 11 [1l.0% .032 9.5

®svaragn thicknass and mmbar of sheets representad are given in table VIXI.

Plengtirise, crossuiss, and st &5° indicate that werp yarns on face plies were parallel, perpendiouler, sad at §5°, respactively, to length of test
speclman.

Chpocimena tastsd with lswine wartical (edgewime) instead of in mmal horizomtal memmer (flstvise).
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TAHE X.- EFFECT OF TADUBTETAL POSTFOSMIEG 0N FROPERTIES (F

COTPOR-FABEIC FEENOLIC EHERT LOMXAME

Sargls SEL-16 Bacple PRL-16 Bample PCR-16
Bomber] Coaffimienh of CosfTixdant of [Feroent Coefficdent of] Paroent
Froperiy of | Averege | Standani varixtion, of | Averngs | Standard waristion, of of | Averspe | Standara m'u of
tnate error pazow; tawts error percunt origlnal | texts oo percent origiml
{n) (v) () (b)
Tenaile test
Btrength, pol
“a e e 12 11,300 190 5.7 12 20,400/ el 6.9 92 - —_ —_
Modulus of slasiicy
e e 1.08x 106003 x W[ BT 6 oo x whlo.mmx 18] o o | - —_ -
Btrain wt fellurs, paxcent
......... ] | 0.2l 15.2 11 5.0 0.08 5.3 11k [ N P —_ —_
Flmarral tant
Shrepgth, psl
Lengthviss « « « « « & “a . Fa § 0,900 10 3.2 8 18, %0 9 2.7 & 10 19,600 100 1.8 9%
Crosswiss . . .. . vea-] @ 19,3500 @0 5.4 9 16,700, 230 3.9 o5 1 :.B,g 150/ 2.8 96
AWM, L L. .. P - 1B, 800 1o L5 8 16,000 [T 7.8 & 12 1y, 10 2.6 a9
20 [0.9% x 108[0.00k x 208 6. 7 lo-87 x 10%/0.00k x 206 8.3 3 8 [o.9 x 10%[0.008 x 206 5.5 9T
17 lo.9% x 2050.015 x 205 68 9 [0.85 x 06]0.018 x 106 6.7 B | 1 [o.90x 105|0.016 x B 5 o7
20 ogx 160.020 x 106 9.1 8 |0.74 x 06(0.022 x 10 .3 5 T r.wx:l.cﬁo.o:lax-mﬁ i3 108
Watar sbeorpblon
£h-bour immraich » 2 3 oh ” g
Fish section, parosot . . . 25| ——— — e — —— F | — R
na-m section, paresot - . | ~ |——uv—o —— 6 Lo | S — — 148 E L) [ —_ 120
hoar
Fixt saction, picomnt « 10 35| ———e — 2 Bu B =mmm— 2 1] [ —— — &6
Curvad uct.ién_. parosnt . s - |- ——— — A b B e — | 1& 2 a% be—— ——— 106
TR-bour Immerxion A i
Flakt mection, parosnt . . . 5 B |-mr——— — 1 b3 e — — .!lg 1 | ) — 97
Coved ssctiom, parcmt . . | - — e €5, 8] o mmmmee -—_ 1 o5 ~—— ixm

Smita spply only to colums eptitled "Average” snd "Btanderd exror.”
Brach group of test specioens vas ¢ut from kimee Dieces or paris.

g0° ourved smctiom.
450 curved section.
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TABLE XT.- TENSTLE PROPERTTES OF CHANNEIS AND AMGLES MOIDED QF

COTTON-FABRIC PHEMCLIC LAMINATES

Teneile modulus of elesticliy,

Tenslle modulus of elasticity,

Te"ﬂﬂ‘(*mh reuge from 0 to 2,500 pal rengs frem O o 5,000 pal
_— ol (a) ()
designation Humbex Standard |Coafficlent of |Number Stendard |Coefflcient of |Number Standard |Coefficlent of
of Awrige, errar, variation, of A“r:m’ error, variation, of .t\rer:se, &YTOT, variation,
teots L pal percent tests s psi perecant tapta pe pai percent
MR1-16 w | 6000 | 20 4.0 1 [0.8% x 106[0.039 x 106 15.7 0 [0.68 x 1060.035 x 106 15.%
ME1-8 12 | 7,000 240 1.7 12 | .5% 046 17.0 12 | .; 038 16.3
MEL-L 12 | 7,000 10 ST 12 .96 023 8.2 12 N: -] .018 7.6
MB2-16 T | 5,90 im0 TS T | -8 .01k b7 7 | .68 .020 8.0
MB2-8 B | 6,700 260 1.0 6 | .92 0% 8.5 6 | .18 -0h3 13.6
ME2-h 8 | 6,900 90 3.9 8 | .98 027 8.0 8 | .80 01k k.9 B

ong dimensian of spedimen was parallsl to length of chemmels end engles.
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TABLE XTT.- FLEXURAL PROPERTIES OF CHANNELS ABD ARGLES MOLIED

OF COTTON-FAERIC PHENOLIC LAMINATES

Flaxural strength

{(a)

Flesrural modulus of eleaticity

(a)

EBS sample | Side of
designation | SPecimen | goer Htendard | Coefflcient of | Rumber Standard Coefficient of
in tepaion of |AveTage, | aryor, variation, of Average, error, variation,
tests pel pei percent teate psl pei. percent
MB1-16 Molded 12 14,900 640 1E.o 10 | 0.70 x 105 | 0.033 x 100 .7
Machined 12 13,300 560 1k.é 1L JTh .0%9 7.2
MEL-8 Molded 12 16,200 680 145 12 85 .0%0 12.%
Machined 1 14,800 5k0 12,2 11 .86 021 8.3
MB1-} Molded 12 14,800 220 5.2 12 .79 015 6.4
Machined 12 13,600 270 6.7 12 ;1 .013 5.4
MB2-16 Molded 1= 1k, 200 370 9.0 6 .69 031 1.9
Machined. 12 14,500 210 5.1 3 T .02k 6.2
MB2-8 Molded 12 15, 500 290 6.5 12 79 015 6.7
MHachined n 13,400 370 9.2 1n .81 ,019 7T
ME2-h Molded 12 15,400 120 2.5 12 55 .008 3.5
Machined 12 13,200 220 5.7 12 .86 .008 3.3
Bong dimension of specimens wes parallel to length of channels end engles.
{ 4 ]
N | 1

8¢
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TABLE XTIII.- DIFFERENCES IN STRENGTH FPROFERTIES BEIWEEN FLAT SHERT

SAMPLE SB2 AND CHANNELS AND ANGLES MOLDED OF COTTON-FABRIC

PHENOLIC LAMINATES

[Differences are expressed as & percentage of wvalues for flat sheets.:l

Difference in

Difference In tensile

Difference in

Difference in flexural

tensile secant modulus of flexural modulus of
NBS sample strength, elasticity; range, strength, elasticity,
designation | lengthwise, 0 to 2,500 psi, lengthwise, lengthwise,
percent percent percent percent
MB1-16 -38 ~17 -20 «15
MB2-16 -39 -21 -23 16
MB1-8 -4o -2 -22 -2%
MB2-8 =43 ~25 -26 -28
MB1-k -31 -5 -15 -12
MB2-4 -32 -5 ~12 -8

¢2g¢ ML VOVN
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TAELE XIV.~ FLEXTHAL STRENIEH OF FUIT SHEETS POSTFORMED
FOXM WOLDED V-PARELS

‘ o Floarral strength of Fleoora), strength of
l'lmg:tl ;T.‘Evst-hl of formerly 45° curved formerly 90° curyed Strmngth ratio
-—— section sectlon
KBS senpla |Orientation, of
|dasignation dsg Ioad |pensls 50 oGP 500
Ruaber Standard Humber Btandard Kumbar Btandard curved |ewrved |cwrved
Tested " p | Averags, errar, G, ot Averngs, errer, T, of Avernge, error, v, to to o 450
taste | PO pei | (PeTCEbl . | Dl S T i [Pereemt| ey | mat |ewrved
(a) (v) (c) (c) (c) |eectionsection|section
MCL-16XR (s I [ 1 7 [%0,80 0 1.5 - | ——_——] — —_ | e | —o —— o | | -
PCL-16IR 0 Comvex | 3 25 | 20,000 ( 2% 6.3 21 | 1550 | 670 22,8 12 |13,k0 | TWO 8.2 | 0.68 | 0.67 | 0.9
PCL-167R 0 Coneave| 3 32 | 20,400 | 190 5.3 25 | 15,50 | 150 A6 k% [ 12,200 | 10 B0 .67 .0 .76
| PCL-16X3 bs Convex | 3 29 | a8,300 | 110 3.2 28 | 20,700 | 200 5.3 1% | 2,k00 | 210 5.6 |11 | 1.7 1-gﬁ
PCL-16X3 23 Concave| 3 0 | 18,100 hu 2.3 28 | 13,900 o5 3.6 % | 11,700 9L 2.9 TT .65 .
| Pe1-26%T 90 Convex | * % | =0,e00 | 140 %0 | 3 |00 | wo |22 | 19 |k | TR 221 | B0 | .76 | .96
PCL-16XT 90 Concave| & » | 20,200 | 10 3.5 36 | 15,k00 | 10 5.3 2 | 12,200 a 3.1 .76 .60 .
1
M02-16YR 0 1 7 (22,200 | &30 5.0 [ R R —— | e——] — [N IS R I,
MC2-16Y8 L] 1 7 d:.s,% Ao 6.0 o | e | = ——— — | —— —— e | ceme | | e
MC2-16YT 50 1 415, 630 3.0 U [ — —_ | —— | —- PRI INUUINEE, R R,
PC2-16TH 0 Convex | 3 15 | 2,600 | 2co 3.5 15 | 2,500 | 30 6.6 ﬁ. 23,000 2.1 |1.00 |1.06 |Lo7
PC2-16YR 0 Copeava| 3 15 | 2,200 | 330 6.0 B | 16,000 | 20 b9 12,k00 | 160 8] -5 .58 .18
PC2-1618 45 Convex | 3% 15 | 18,000 | 1o 24k | 15 ao,zgg 300 5.6 15 | 22,90 | 360 6.3 115 |1.27r |11
FCR-16Y8 L] Comave| 3 1% | 17,100 | 1 3.0 15 |13 120 3.4 15 (12,100 | 10 5.1 N: "] .65 .8
PC2-161T 90" Convex 3 15 | 20,%00 | 390 1-5 15 | &,k0 | 320 3.9 13 23,000 | 580 0.0 | 105 | 1.13 1.07
PC2-161T 50 Concave| 3 15 19,700 [ 30 6.9 | 15 |1540 | 220 5.5 | 15 [ 12,50 | 1k LU S I (S T

Sorientation of Warp yarn to longitmline]l mcls of moldsd Y-sechion.
M@pmdmofrmum; longitudinal sxis of former aurve wvam at 909 4o langth of test speoimens.
%V, coafficlexnt of variatiom.

strength of flat sectlon prior tec postforming.
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TARE XV.~ JIEXIRAL MEGLTE OF ELAYYIICITY OF FLAT SEERYH

PORTIEMED FRON WILUED ¥-PANELS
T ] e TEREE HInayE __—
— Al R ls o e ]
N (- S I P N I s | o | e | e | o2
o || e | et | 00| | |t o | R | e | LT e | (w

o (n) {b) {a) (a) {c) |section | meckton| section
WAIGR o —_] 2 T |%Lahx b |o0xx wf| 6
FCL-150R 0 tomvex | 3 8 ok 09 9 1 [o.mxacf| 003k 05| ®w [omxaf|oomxub| 15 (086 | o | 0
PC1-16x8 o concave | 3 16 .98 008 12 12 N 017 7 ® ] 026 1 8 7 -]
PO1-1518 5 Goryex 3 15 88 015 T 1 8 ] 015 T 1 i 7 T 97 .58 1.00
PO 1678 w o fommam| 5 | 8 | & .10 s | » | .o otk v | » | 6 8 | o | = | s
PCA-16X2 @ Oomvex | & 25 .95 .oy ] o | . .06 1k o | B on bl g -8 B 5k
P01~ 160 ] Goucam | b -3 96 L0100 ] 2 .. ¥} 9 a N -] 017 1 .08 N, .98
WCR-16TR 6 —_— & s 9 S Y [ IS (VNS [N R IR IR I
WC2-1618 5 —_ 1 % .02 B ) - —_——_———_—] - _————j— | = = |- | =
No2-16re % —— 1 7 | 007 5 —- | —— ——— - o e e | e | — | —
PCa-1672 ] Oomvex | 3 13 | 118 S0z 3 LT 028 9 13 {128 008 8 |a00 |Leo | vlo0
PeR-16YR 1] cacxwe [ 3 1% 1.18 .019 6 W |108 SO 12 1 99 o 8 K- -] B 92
PCE-16YR L] Convex 3 L} 99 015 [ 15 |18 023 8 % |18 06 13 1.17 .17 1.00
PO2-10T8 %] cnenve | 3 1 E:) 018 Y 15 | .95 001 5 15 90 0% 15 96 91 95
POR-15TY 90 Comvx | 5 15 | Lok {010 X |11 a2 a 13 (1.3 025 9 |19 |1re7 .58
PCR-367T 20 Conesve | 3 b1} 1.01 027 10 13 95 025 0 15 K. . ] 5 Sk & ]

"orientation of warp yurn to longltodise] mcis of polded V-sacticn.

Mwumumm;wwmdmmmuw@mdmwm.

%CY, coeffiefent of verixtiom.

Oyl gyral, modules of slasticity of flat sectlon rior t0 postrforwing,
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TARLE XVI.- WATER ABSUBPEION OF PARYS FROM MOLDED V-PANELS

BEFORE AND AFTER POSTFORMING

ek

¥ater ebsorption of Weter abeorptiom of T
Water shaorption initiel or former initisl or former Water absorphlan
of flst section WP curved uctimly 90° curved ueticnh Tatlo
Perdod of -

¥BS. sawple |Orientation,) oo l.o. . e 200 200

dasigration, deg hr curved |curved |curved

Hombar of] Avexrsgs, Range, Fumber of | Averngs, Renge, Number of Average, Range, 0 ta to k50

pagals |percant percent; pensls |pervemt pereent panele |oercent parcent st flat  |curved

(=) {b) {e) (e) (e) section |sectbion|section
MCL-16XR ] ek h 2.95 |2.80 to0 3.10 L 2.90 |2.80 to 3.00 5 2.88 | 2.80 to 3.00| 0.99 | 0.98 | 0.9
MCL-16XR o k8 1 h.38 e 1 L R 1 R.ﬁ ———] 5 97 | Loz
NC1-16IR 0 it 1 1N ] 1 [ 5T, R PR 1 k, ————e| .9 97 .98
HD-16¥8 b5 2 5 z.m 2.6% to 3.42 5 2. 2.57 to 2.9% 5 2,62 | 2.55 to 2.71| . R K-
N-1618 k5 L1 1 03 | ———— 1 3 e 1 3.69 | ~~m - 96 92 .96
MCL-16x8 1) 2 1 852 [ammm e rem 1 PN/ N S —— 1 o | ——ee— .99 95 6
MCL-16XKT % 24 k 3.2 2.9% to 3.60 2 279 [2.76 w0 2.80 3 2.85 | 2.68 to 2.94| .87 & | 101
. MC1-163T % &8 1 k. e e 1 R e 1 b0b | —ommmm —— O
MCL-163T 90 T2 1 LN SR - 1 L B 1 I, 2 —— .63 .79 | 115
PCL-16XR 0 = 5 3.29 |3.0k to 3.75 5 3.63 |30k to 3.85 5 37T | 3.9 to L8[ 1.2% | 1.37 | 1.2
PCL-16X3 55 oh E 3.28 |3.12 to 3.% 2 5.31 2.8k to 3,58 3 3.95 | 3.59 to L43| 2.00 | 1.20 | 1.9
PC1-1637 90 24 2.93 |2.82 to 3.1k 3.32 |3.0k to 3.5% b 598 | 3.79 to h.22| .13 | 1.36 {1.20
w1678 0 2% 5 5.45 (5.5 t0 T.15) 5 5.27 (b.52 to 6.380 5 b5 .| 3.8 to 5.66 2 O - I

MC2-164R 0 ] 1 6.9 |crmmemeee 1 6.1 S 1 MR, [ 7 U ) .8 -9k
liMc2-180R |4 0 T2 1 To2h Joommiim 1 6.80 || 1 6.% | | oM .08 =
MC2-1635 ] 2% 5 8.'617 .58 to 8,88 ] 799 {T.62 to B.41 3 7.20 | 6.8 to T.60| ;1 ;] .50
MC2-1618 55 h8 1 9.63 | mrwmmm —— 1 8.5 |~ 1 TSk | | .52 .18 N:.
MC2-1638 L1 T2 1 10,12 |emmemcmeen 1 9.28 | ——eeemee— 1 T | ———mmmm 92 76 82

83amplas FCL and PC2 ware postformed from smples HCL and MC2.
bm;emﬂmxmpmwmmmmormv-um
CThras siwiler specimeps wars taken from each panel.

- — -

1
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TAERLE XVI.- WATFR ABSORFTICH OF PAETS FROM MOLDED V-PANEL3

BEFORE AND AFTER FPOSTFURMING - Concluded

Water nbsorption of

Water absorpticn of

Water absorptian initinl or formarly imitiel or forwer: Water abearptlion
of Tlat ssctlon 150 ourved sectiom 900 curv:; euect'.:l.ol:liJr Tatlo
Period of
KBS memple |Orlontetion, |y wion, s o0 900
designation| dag hr a 4 | curyed
Humberr of |Aversge,| Rengs, |(Humber of|Average,| Remge, |Humber ofjAverage,  Renge, to to  [to 40
pansls  |parcent percant pamels | percent percent pansls |perceat percent f1lat fiat | curved
(=} (k) (o) (e) (c) section|section|saction
HE2-160 S0 o4 b3 B.0& |[7.22 to 8.63 5 6.87 |6.18 to 7.86 [ 6.79 |6.30 to 7.28| 0.85 | 0.B8% | 0.99
Me2-1608 %0 &8 1 L I B L [ 5 - 1 e R - 86 B3 97
MC2-16X0 90 T2 1 9edf [ —mmmmeee - 1 b LS T [——— _ 1 7.%8 | -~ —| .8 .83 .99
PC2-16¥R 0 al 5 6.65 |[5.56 to 7.79 5 6,23 |5.45 to 6.86 5 6.27 |5.48 to 6.87 .94 T I )
PC2-16XB 1] 2h g 8.20 |7.59 to B.oy .3 T.TT |7-h6 ta 7.94 5 B.29 |7.8 t0o 9.60] .95 | 1.0L | 1.07
PC2-163T % o 5 7.8% |7.52 to B.09 5 7.10 |6.48 ta 7.53 L] 745 |7.2% to T.60] .91 .95 | 1.0%
Retio of values for postformed to velues for ardginal panals
BCYL to M1 0 2h - 1.09 |-ne—————- - I T R — - 152 | —mmemiien—— I T
hy 2k - Y T R —— - b -5 T — S - b+ T PE— NI R .
90 24 - 0.5 |=—rem—nsiomam - b1 R — - b 10§ I POSUNENE N
FC2 to MC2 0 2h - 1,22 |—aemrna - 119 | —memeem - 152 | mmmem e m— ——— ———
k3 24 - B ettt - IT | mmmmas - 115 |--———- o el el R
90 2k - I+, Q) [R— — - 1.0% |emmmmmannn - - 110 | e e

Bgpuples POL and PC2 were postformed from ssmples MCL and MC2.
Borientation of warp yern to longitulinal sds of woldsd V-section.
Sphros simdler specimens were takan from sach pemel.
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TABLE XVII.- COMPARTSON OF MECHAWICAL PROFERTIES OF THREE ORTENIATIONS OF
COTTON-FARRTC PHENOLIC SHEFT LAMINATES

Ratlo for property value in direction Indicated to that of lengthwiee oriemtation
WBS e -
s amlti‘.lﬁn Orientation Tengile Tensile modulus of elasticity for range Tensile | 71 al I'].exuu:;a.g_f
BErength | o to 2,500 psi | O to 5,000 psi |0 to 7,500 psi | STFEID | strength | o) o) ity
8A1-16 Lengthwise 1.00 1.00 1.00 — 1.00 1.00 1.00
Croaswvise 9 .92 .91 -— 97 .82 .88
hs0 .76 .50 .88 R— .90 8 .76
SA2-16 Lengthwise 1.00 1.00 1.00 —— 1.00 1.00 1.00
Crosevilse .99 .97 99 —— 1.05 Sk | 90
450 .99 -90 -9 -——— =TT 92 .85
8B1-16 Tengthwise 1.00 1.00 1.00 —— 1.00 1.00 1.00
Crosswlse .8 .91 .89 —— 1.25 .92 .99
50 .88 .8 .81 _— 1.70 .07 .91
8B2-16X | Lengthwiese 1.00 1.00 1.00 —— ——— 1.00 1.00
Crosswise 1.01 .99 1.00 ——— _— 1.01 1.0
5o .88 91 93 -— S— .96 1.04
8B2-8x Tengthwise 1.00 1.00 1.00 1.00 — 1.00 1.00
Crosawlse .99 .95 .93 9% —— 1.00 1.03
k5o 8 . 8 -8 —— .93 .9k
: ¥
gro-lx Lengthwise 1.00 1.00 1.00 1.00 ——— 1.00 1.00
Crosevise 1.08 1.05 1.09 1.17 ——— 1..03 1.08
450 1.00 1.01 1.02 1.11 ——— -9k 1.11 E
8B3-16Y | Iengthwise 1.00 1.00 1.00 1.00 —— 1.00 1.00 S
Crosswise .90 .96 9T 94 —— 1.00 1.05 E
50 B4 .97 1.01 1.04 ———— =) 1.01
N
5
\J
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TARLE XVII.- COMPARISCN OF MECHANICAL PROPERTIES OF THHEE ORIENTATIONS OF
COITCN-FABRIC PHEROLIC SHEET LAMINATES - Coneluded

Ratio for property value 1n direction indicated to that of lengthwlse orientation
§B8 -
T8 semﬂin Orientation | .. nsile Tengile modulus of elasticity for range Tensile | F1 ol Flexum;a.]o_f
strength | o 44 5,500 pet |0 %o 5,000 pai | O to 7,500 psi | 538D | Btrength | ookt city

£8%5-8Y Lengthwise 1.00 1.00 1.00 1.00 ———— 1.00 1.00
Crosswise .8 1.03 1.01 1.02 ——— .9% .96

150 T .98 .97 .98 — . 91

SB3-4Y Lengthvise 1.00 1.00 1.00 1.00 S 1.00 1.00
Crosswlae 1.02 .99 1.01 1.05 — 1.00 .99

450 -9 87 .90 5 ——— .86 .91

8p1-16 Lengthwlae 1.00 1.00 1.00 —— 1.00 1.00 1.00
Croasawlsge <90 1.05 1.03 — 1.13 1.01 1.00

450 .90 .92 90 R 1.39 .93 .86

8E1-8 Tengthwise 1.00 1.00 1.00 —— 1.00 1.00 1.00
Crosswise .98 1.07 1.07 —— 1.07 1.0k 1.07

450 87 .92 9k —— L.h1 .96 1.00

SF1-16 Iengthwise 1.00 1.00 1.00 _— 1.00 1.00 1.00
Croeswise .56 AL «TT —— .02 .63 .82

450 .62 85 .8y — .50 .75 .87

gr2-16 Lengthwise 1.00 1.00 1.00 —— 1.00 1.00 1.00
Crosswise A6 67 .55 —_—— 1.23 .TO 69

450 g .78 S ——— 1.42 .70 .01

¢2Re NI VOVN
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L-93548
Flgure 1l.- Mclded V-sections, samples MC1l and MC2.
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L-93549

Figure 2.- Pogtforming blank and ammmnition chute part postformed from
blank (semples SBL and PGl, respectively).
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8t

1-93550
Figure 3.- Postforming blank and smmnition chute part postformed from

blank (semples SBL and PG2, respectively).
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NACA TN 3825 49

TENSILE
SPECIMENS

B2

B3
B4

| AI|A2 BS

Figure L4.- Orientation of specimens from flat sheets, samples SC1, s8c2,
and SC3.
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NACA TN 3825

e e — — — Illll'lHllll TN e — ]

SIDE B

SIDE A
F
P

TENSILE
SPECIMENS
|
I

1

|
|
|
\

|

V| —_— —
N Sy LS

DE BOTTOM RIGHT SIDE
I
I
|
U
||
M

i
i
H
I
}l
Il
|
\
|
|
|
(
|

IIIIIIIII C———————=-

et ————— —— — e —— Ct—— — — e — —— — — -

LEFT

Figure 5.- Orientation of specimen:s from molded angles and chamnels B
samples MBl and MB2, respectively.
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NACA TN 3825 51

FLEXURE SPECIMENS

TOP VIEW
{ | ; i [ ] |
| | DN I [ |
T —>|<——>= <~1> “> o e B e
45° goe! 45°!FLAT; 45° 90° 45° |FLAT!

LINE OF CURVATURE
~——— EDGE OF TEST SPECIMEN

/" \ FRONT VIEW
———\’——A s

BEFORE POSTFORMING AFTER POSTFORMING

WATER— ABSORPTION SPECIMENS

Figure 6.- Orientation of specimens from molded V-sections and flat panels
postformed from V-sections, samples MCL and MC2 and samples PCl and
PC2, respectively.


http://www.abbottaerospace.com/technical-library

NACA TN 3825

52
O LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A LOADING NOSE APPLIED ON FORMER CONCAVE SIDE
22x103
20—f | o
I8 Q
e FLAT SECTION
| | |
4 %5 50
~ 22%103
e 20 o
o 20 45° BEND FLATTENED
T s
O
T 14 A
12 '
- | |
<
g 9% a5 90
=
2
i x 103
T 22Xl1o fo)
20—
18—
16— o
S e 90° BEND FLATTENED
12—A A A
oLl | ]
o 45 90

ORIENTATION OF FLEXURE SPECIMEN LENGTH WITH
RESPECT TO WARP YARN IN OUTER PLY, DEG

(a) Strength against direction of warp yarn in specimens.

Figure 7.- Variation of flexural strength of postformed curved sections,
sample PCl.
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NACA TN 3825
O  LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A  LOADING NOSE APPLIED ON FORMER CONCAVE SIDE
22x103
20—@
18— WARP YARN PARALLEL
16— A TO SPECIMEN LENGTH
‘4= o o
12— A
1o | |
0 45 90
7
E 20— o
= 1s—Q WARP YARN 45° TO
T 16— SPECIMEN LENGTH
? 14 A
2
c e~ A
& ) 45 90
-
[
22x103
20— WARP YARN PERPENDICULAR
18— TO SPECIMEN LENGTH
(e Q o
14—
12— A
1o | I
o 45 90

ANGLE THROUGH WHICH CURVE WAS POSTFORMED, DEG

(b) Strength against postforming bending angle.

Figure T.- Concluded.
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5 NACA TN 3825
O LOADING NOSE APPLIED ON FORMER OONVEX SIDE
A  LOADING NOSE APPLIED ON FORMER CONCAVE SIDE
22x'03
o]
20 R
I8
Ie FLAT SECTION
L | { 1
145 45 90
103
@ 20|
a
. 18
I
5 16 —A A
o 14
E e 45° BEND FLATTENED
wn
oL l 1
= o 45 90
2
24X10
w
(@) O
z 22 o
20—
18}— 90° BEND FLATTENED
16 —~
14— A
'Zr—A A '
oL n |
0 45 90

ORIENTATION OF FLEXURE SPECIMEN LENGTH WITH
RESPECT TO WARP YARN IN OUTER PLY, DEG

() Strength against direction of warp yarn in specimens,

Figure 8.- Variation of flexural strength of postformed curved sections,

semple PC2.
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Figure 8.- Concluded.
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(e) Sample PC1.

Figure 9.- Variation of flexural modulus of elasticlty of postformed curved
sections wlth postforming bending angle.
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Flgure 9,.- Concluded.
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WATER ABSORPTION AFTER 24-HOUR IMMERSION,

(e) Sample PCl.

Figure 10.~- Effect of postforming on water absorption of molded V-sections,
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Figure 10.- Concluded.,
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DIFFERENCE IN WATER ABSORPTION AFTER

NACA TN 3825
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Figure 11,- Difference in water absorption of molded V-sectlons before

and after postforming.

NACA - Langley Field, Va.
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